The search for mechanisms of translational regulation has yielded many experimentally identified internal ribosome entry sites (IRES)
We found that the IRES activity of yeast IRESs is strongly associated with the lack of secondary structure measured by the minimum free energy of the 60 nt immediately upstream of the initiation AUG (Fig. 1, r Past effort in searching for structure conservation among IRESs, especially among eukaryotic IRESs has essentially come to nothing 1 . The lack of sequence and structure conservation among reported IRESs has become one of the main reasons for IRES to be 5 the target of ridicule 5 . Our finding that yeast IRESs are sequence segments devoid of secondary structure explains the lack of sequence or structural similarity among IRESs, i.e., sequence segments devoid of secondary structure do not need to have any sequence or structural similarity.
To test the generality of the observation that structure-less sequence segments immediately upstream of the initiation AUG can facilitate internal ribosome entry, we Remarkably, the 60 nt immediately upstream of the env initiation AUG is devoid of secondary structure with MFE close to 0 (Table 1) . In contrast, the 60 nt immediately upstream of the initiation AUG of other major mRNA species all have more stable secondary structure (Table 1) . These results suggest a unified model of alternative translation initiation from yeast to mammalian cells. (2) Site of nucleotide A in the initiation AUG In summary, the experimentally identified yeast IRESs are sequence segments with no or weak secondary structure. The association between IRES activity and the lack of secondary structure in both yeast genes and HIV1 genes suggests a possibly ubiquitous alternative mechanism of translation initiation in eukaryotes.
Methods
The annotated Saccharomyces cerevisiae genome, dated Sept. 17, 2007, was downloaded from ftp.ncbi.nih.gov/genomes/Saccharomyces_cerevisiae. The coding sequences (CDSs) 7 and the 60 nt immediately upstream of the initiation AUG is extracted by using DAMBE 10, 11 .
The minimum free energy (MFE) is computed by using DAMBE which incorporates the function library of the Vienna RNA package 12 , at 37°C, with no lonely pairs and with no GU pairs at the end of helices. The result is similar to that from the MFold server (http://www.bioinfo.rpi.edu/applications/hybrid/zipfold.php) 13 , but the latter sometimes 
